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NASA TT F-l1,9O6 

X-RAY DOS I METER 

Company: G .  Massiot & Cie, res iding i n  France (Se ine )  
French Patent No. 1,035,715 

ABSTRACT: T h e  i n v e n t i o n  concerns dosimeters f o r  measuring t h e  
i n t e n s i t y  of  t h e  dose, or both, of X-or gamma rays administered 
t o  a body a t  a g i v e n  locat ion.  T h e  e s sen t i a l  c h a r a c t e r i s t i c  con- 
s is ts  of a cell whose par t  sens i t ive  t o  X-or gamma rays cons is t s  
of a semiconducting layer o r  mater ia l ,  and i n  t h e  f a c t  t ha t  t h i s  , 
c e l l  i s  mounted i n  a s u i t a b l e  c i r c u i t  f o r  measuring var ia t ions  
of the res i s tance  of t h i s  cell u n d e r  X-or gamma rad ia t ion .  

The present  invention concerns dosimeters f o r  measuring t h e  i n t e n s i t y  or 

Present day dosimeters have the following disadvantages : 

1. 

/11 
c 

i n t e g r a l  dose of X-or gamma rays a t  a given loca t ion .  

. The ioniza t ion  chambers, which c o n s t i t u t e  an i n t e g r a l  p a r t  of a l l  
known modern dosimeters,  requi re  the  maintenance of  a very high in su la t ion ,  
namely, a leakage r e s i s t ance  of t h e  order of 10l2  - 10150hms, which necess i t a t e s  
a whole s p e c i a l  technique f o r  constructing t h e  chamber, f o r  connecting it t o  
an electrometer  tube,  and f o r  t h e  construction of t h i s  tube i t s e l f ;  

The cost  of t hese  dosimeters is  consequently r a t h e r  high,  and the  
dosimeters are subjec t  t o  r a t h e r  frequent breakdowns caused i n  p a r t i c u l a r  by 
a de t e r io ra t ion  of t h e  in su la t ion  and by f a i l u r e s  of  t h e  electrometer  tube,  
which i s  p a r t i c u l a r l y  f r a g i l e  from t h e  e l e c t r i c a l  and mechanical po in t s  of view; 

t h e  chamber must be given dimensions which are cumbersome for i ts  manipulation, 
e s p e c i a l l y  when it i s  necessary t o  intrqduce t h e  chamber i n t o  cons t r ic ted  areas, 
i n  p a r t i c u l a r ,  body c a v i t i e s .  
g r e a t e r  i n  cases where it is necessary t o  look f o r  leakage r ad ia t ion  f i e l d s ,  
i n  view of  t h e  very high s e n s i t i v i t y  required f o r  de t ec t ing  a very weak 
r ad ia t ion .  

In o rde r  t o  avoid these  drawbacks, t h e  present  invent ion u t i l i z e s  semi- 
conducting layers ,  chosen and prepared for t h e  p a r t i c u l a r  purpose of obtaining 
s u i t a b l e  q u a l i t i e s  under X-or gamma i r r a d i a t i o n ,  as w i l l  be explained i n  de- 
t a i l  below, these  layers  being used t o  measure the  X-or gamma rad ia t ion .  

Described below i n  more d e t a i l  w i l l  be  examples of t h e  execution of t h e  
invent ion i n  reference t o  t h e  at tached f igures ,  i n  which: 

Figures 1 t o  72 show, as nonlimiting examples, poss ib le  designs of a 
measuring c e l l  containing the  semiconducting l aye r  o r  mater ia l  s e n s i t i v e  t o  X- 
o r  gamma rays ;  

2 .  

3.  I n  order  t o  obtain a su f f i c i en t  s e n s i t i v i t y  f o r  medical appl ica t ions ,  

The cumbersomeness o f  t h e  chamber is s t i l l  

'Numbers i n  t h e  margin ind ica t e  pagination i n  t h e  fore ign  t e x t .  * 

2Figures are omitted from . t r ans l a t ion .  
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Figures 8 t o  14 show examples of  measuring c i r c u i t s  i n  accordance with 
the  invent ions;  and 

Figures 15 and 16 show curves o f  absorption of  X-rays by two d i f f e r e n t  
chemical elements. 

Figure 1 shows a conductor 1 covered with a semiconducting l aye r  2 and 
in se r t ed  i n t o  a conductor tube 3. 
s u f f i c i e n t  i n su la t ion  between conductors 1 and 3. 

A spacer 4 provides a s u i t a b l e  d is tance  and 

Figure 2 shows a semiconducting mater ia l  mounted i n  the  form of  a cy l in-  
de r  5 f i l l i n g  the  bottom of  tube 3, while a me ta l l i c  o r  meta l l ized  lug 6 rests 
on semiconducting mater ia l  5 and makes contact  with i t  through the  ac t ion  of  a 
sp r ing  o r  some o t h e r  e l a s t i c  device and the  conductor 7 connected t o  wire  1. 

Figure 3 gives an example of a design of  the  c e l l  i n  the  form of  a 
b needle .  Elements 1-3-5 correspond t o  those of  Figure 2 ,  whereas the  po in t  of 

t h e  needle  i s  ind ica ted  i n  8.  This f i g u r e  i nd ica t e s  another form o f  the  con- 
t a c t  between elements 1 and 5: wire 1 has a head 9 which penet ra tes  more o r  . l e s s  i n t o  the  semiconducting ma te r i a l  5. 

Figure 4 shows another design of  the  c e l l .  '.As i n  Figure 1, i t  ind ica t e s  
two conductors 1-3 and semiconducting layer  2 .  
conducting l aye r  10 whose contac t  with tube 3 i s  provided by a lug o r  sp r ing  
11. 

The la t te r  is surrounded by a 

Figure 5 shows a va r i an t  o f  t h e  design ind ica t ed  i n  Figure 4 ,  t he  contac t  
between conducting l aye r  10 and tube 3 being provided by a binding conducting 
mater ia l  1 2  f i l l i n g  the  round bottom of tube 3. 

/ 2  - 

Figure 6 ind ica t e s  a t  13 a semiconducting mater ia l  i n  t he  shape o f  a d i e  
o r  a sphere o r  a similar shape, e lectropes 14 and 15 each covering a p a r t  of  
t he  s u r f a c e  of material 13. Conductors 16 and 17, which make contact  with 
e l ec t rodes  14 and 15 respec t ive ly ,  permit measurement of  the  r e s i s t ance  o f  
mater ia l  13. 

Figure 7 shows a cross  s e c t i o n  of a semiconducting mater ia l  18 between 
two e l ec t rodes  19 and 20 whose sur faces ,  i n  contact  with the  semiconductor, a r e  
enlarged by the  rough areas and cavi t ies  which pene t r a t e  i n t o  one another.  

Figure 8 shows an example of a measuring c i r c u i t ;  21-22-23 i nd ica t e s  t he  
e s s e n t i a l  elements of a semiconducting c e l l  which correspond t o  elements 1-2-3 
of  Figures 1 t o  5 ,  and 24 ind ica t e s  the inc iden t  X-or gamma rad ia t ion  whose 
i q t e n s i t y  o r  i n t e g r a l  e f f e c t  during a c e r t a i n  time per iod is t o  be measured. 
Electrodes 21  and 23 of  the  c e l l  may be connected t o  a s tandard dosimeter, 
t ak ing  i n t o  account the  lower res i s tance  o f  t h e  semiconducting l aye r  o r  mater- 
i a l  22 as compared t o  the  case o f  a common ion iza t ion  chamber. 

In  t h i s  Figure 8, an ordinary dosimeter i s  ind ica t ed  by 25, the  input  
tube,  e l ec t rome t r i c  o r  o the r ,  i s  indicated as an example by 26, the  g r i d  i s  
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i nd ica t ed  by 27, t he  cathode by 28, and the  anode of t h i s  tube,  by 29. 
c i t o r  30 may be  connected i n  p a r a l l e l  t o  t h e  semiconducting c e l l .  
p a r t s  of the  dosimeter a r e  no t  indicated.  

A capa- 
The o the r  

Figure 9 shows a c i r c u i t  which permits the  measurement of the  r e s i s t a n c e  ' 
o f  the  c e l l  2 1 ,  22 ,  23 ,  va r i ab le  with t h e  r ad ia t ion  24,  by applying t o  the  c e l l  
an e l e c t r i c  vol tage whose source i s  indicated i n  31. 
ampl i f ie r  followed by a measuring instrument make i t  poss ib l e  t o  measure the  
cur ren t  passing through the  c e l l .  

A microammeter 32 o r  an 

I 

Figure 10 ind ica t e s  another  measuring c i r c u i t  i n  t h e  form o f  a br idge ,  
where 33, 34 and 35 ind ica t e  the  res i s tances ,  some o r  a l l  of  which a re  va r i ab le ,  
and which form the  four branches of the  br idge with ce l l  21-22-23. 
source i s  ind ica ted  i n  36, and t h e  measuring instrument,  which may include a 
s u i t a b l e  ampl i f ie r ,  i s  ind ica ted  i n  37. 

The vol tage 

Figure 11 shows a measuring bridge similar t o  t h a t  o f  Figure 10, where 
the  r e s i s t a n c e  35 o f  Figure 10 is  replaced by a compensating c e l l  41-42-43, 
whose design i s  i d e n t i c a l  t o  t h a t  of  c e l l  21-22-23, b u t  which i s  never the less  
enclosed i n  a p ro tec t ive  cage 40 i n  order t o  s h i e l d  it from X-or gamma rad ia-  
t i on .  
by 39. 

A curved source is  indica ted  by 38 and a cur ren t  measuring instrument 

Figure 1 2  i nd ica t e s  a compensating c e l l  41-42-43 enclosed i n  a p ro tec t ive  
cage 40 and connected t o  the  br idge i n  the  same manner as i n  Figure 11, with 
the  p ro tec t ive  cage containing,  i n  addition t o  t h i s  c e l l ,  a r ad ia t ion  source 
44 whose r ad ia t ion ,  d i r ec t ed  on c e l l  41-42-43, may be a t tenuated  by a s h i e l d  45. 

Figure 13 ind ica t e s  by 46-47-48 a compensating c e l l ,  p referab ly  enclosed 
i n  a p r o t e c t i v e  cage 40 and connected t o  a measuring br idge  i n  the  same manner 
as i n  Figures 11 and 12 ,  cage 40 contaiping, i n  addi t ion  t o  the  c e l l ,  on the  
one hand a r ad ia t ion  49 suppl ied iby  a vol tage  source 50 i n  a manner ad- 
j u s t a b l e  by a r e s i s t ance  51, with measurement of  t he  supply curved by an i n s t r u -  
ment 52, and, on t h e  o the r  hand, a photoe lec t r ic  cell  53 which i s  suppl ied by 
source 54, t he  luminous f l u x  received by t h i s  c e l l  being measured with i n s t r u -  
ment 55. Arrows 56 ind ica t e  the  luminous r ad ia t ion  o r i g i n a t i n g  from source 49. 

Figure 14 shows the  design and c i r cu i t ry  of  a double c e l l  1 -2  i nd ica t ing ,  
as i n  Figures 1 t o  5 ,  the  ex te rna l  conductor and t h e  semiconducting l a y e r  r e -  
spec t ive ly .  A s  i n  Figure 5, the  conducting l a y e r  deposi ted on semiconductor 2 
i s  ind ica t ed  by 10, and the  conducting mater ia l  interposed between l a y e r  10 and 
the  ex te rna l  conductor (corresponding to  conductor 3 of Figure 5) providing the 
contac t  i s  ind ica ted  by 1 2 .  The external conductor i s  represented i n  Figure 14 
by a conducting l aye r  57 deposited on the i n n e r  wall of an i n s u l a t i n g  tube 58. 
Layer 57 and conductor 1 a re  connected t o  the  measuring br idge  i n  the  same 
manner as i n  Figure 10, t h e  numbers 33, 34, 36, 37 ind ica t ing  i n  Figure 14 the  
same elements as i n  Figure 10, namely, two br idge r e s i s t ances ,  the  supply o f  
t h e  b r idge ,  and the  measuring instrument respec t ive ly .  
s i s t a n c e ,  d iamet r ica l ly  opposed t o  cell 1-2-57, is cons t i t u t ed  by another  c e l l  
whose semiconducting l aye r  i s  indicated by 59 i n  Figure 14,  the  ex terna l  

The four th  br idge  re- 
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contac t  being provided by a conducting l aye r  60 deposi ted on the  ex te rna l  sur-  
face  of  i n s u l a t i n g  tube 58, whereas the  ex te rna l  contac t  is provided f o r  by a 
conducting l a y e r  61 deposited on the  semiconducting l a y e r  59; the  ex te rna l  tube 
62, preferab ly  me ta l l i c ,  a c t s  simultaneously as the  ex te rna l  contact  connected 
t o  t h e  br idge  and as the  casing of t he  double c e l l .  Variable r e s i s t ances  a r e  / 3  
i nd ica t ed  i n  63 and 6 4 .  

Figures 15 and 16 show absorption curves f o r  the  X-radiation of  two 
elements d i f f e r i n g  markedly i n  atomic number i n  the  pe r iod ic  system; the  wave- 
length i s  marked o f f  along the  absc issa  ax is  65 and the  absorption along the  
ord ina te  axis 66. 
v a r i a t i o n s  i n  absorption 68 and 69 which ( f o r  heavy elements such as lead) a re  
loca ted  i n  the  wavelength rewge per ta in ing  t o  the app l i ca t ion  o f  X-rays, where- 
as similar va r i a t ions  f o r  l i g h t  elements such as carbon a re  loca ted  substan- 
t i a l l y  outs ide  t h i s  range, namely, i n  the range of very long wavelengths; the  
curve corresponding t o  carbon is indicated by 70 i n  Figure 16. 

Curve 67 of Figure 15, corresponding t o  lead,  shows abrupt 

According t o  the  invent ion,  t he  c e l l  s e n s i t i v e  t o  X-or gamma rays is  
e s s e n t i a l l y  composed, as represented by t h e  nonl imit ing example of  Figure 1, of 
two conductors or e lec t rodes  (1 and 33, one preferab ly  i n  t h e  form o f  a me ta l l i c  
or meta l l ized  wire,  and the  o t h e r  i n  the form o f  a sheath or a me ta l l i c  or 
meta l l ized  tube,  and, between them, of a semiconducting l a y e r  o r  mater ia l .  In  
the  case where a semiconducting l i q u i d  f i l l i n g  the e n t i r e  space between wire 1, 
tube 3,  and spacer  4 i s  used, spacer  4 can at the  same time be  used t o  s e a l  t h e  
c e l l .  
be s e n s i t i v e  t o  X-rays, i n  t h e  sense tha t  t h e i r  e l e c t r i c a l  r e s i s t ance  va r i e s  
with the  r ad ia t ion  i n t e n s i t y .  However, s ince  the  absorpt ion o f  a semiconduct- 
i n g  l a y e r  is  much lower f o r  X-radiation than f o r  luminous r a d i a t i o n ,  i t  i s  i m -  
po r t an t  t o  apply layers  t h a t  are much th icker  f o r  a c e l l  i n  accordance with t h e  
invent ion than i n  t h e  case of common phOtoelectr ic  c e l l s .  The bes t  known semi- 
conducting products used exclusively in ipho toe lec t r i c  eel1 technology are s u l -  
f i d e s  o f  z inc ,  cadmium, selenium, te l luf ium, and lead.  I t  might appear usefu l  
t o  s e l e c t  elements of as high an atomic:weight as poss ib l e  i n  order  t o  obta in  
an increased  absorption o f  X-rays, i n  view on the  one hand o f  c e r t a i n  d i f f i c u l -  
t i e s  involved i n  f a b r i c a t i n g  semiconducting layers  t h a t  a r e  s u f f i c i e n t l y  uni- 
form and have a thickness  greater than a few microns, and on the  o the r  hand t h e  
rap id  increase  of the  absorption with the atomic weight,  or more exac t ly  with 
the  atomic number of t he  element i n  question i n  the  pe r iod ic  system. Although 
t h i s  i s  v a l i d  fo r  layers  used i n  photoe lec t r ic  c e l l s  and screens of br ightness  
ampl i f i e r s ,  whatever t he  spectrum employed, t h i s  i s  not  t he  case f o r  purposes 
of dosimetry. 
as a funct ion o f  wavelength, such as those appearing i n  Figure 15, namely, 
abrupt  and pronounced va r i a t ions  i n  absorption, loca ted  at wavelengths which 
decrease as the  atomic number of t h e  element i nc reases ,  the  absorption of heavy 
elements v a r i e s  appreciably and i r r e g u l a r l y  with t h e  wavelength , whereas t h e  
absorpt ion of l i g h t  elements increases  slowly and uniformly i n  the  range per-  
t a i n i n g  t o  the  appl ica t ion  of X-rays. Since l i v i n g  t i s s u e s  cons i s t  v i r t u a l l y  
exc lus ive ly  of l i g h t  elements such as hydrogen, oxygen, n i t rogen ,  and carbon, 
a response of  a dosimeter analogous t o  the response of  these  l i g h t  elements i s  
an indispensable  condi t ion,  p a r t i c u l a r l y  s i n c e  the  r ad ia t ion  o r ig ina t ing  from 

" 

The same semiconductors which are  s e n s i t i v e  t o  l i g h t  a r e  a l so  known t o  

Since the  elements show d i scon t inu i t i e s  i n  t h e  absorption curves 
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X-ray tubes always covers a broad wavelength range, and s ince  the  energy d i s -  
t r i b u t i o n  over the  spectrum i s  appreciably modified i n  t h e  course of  penetra-  
t i o n  of t h e  rays through matter. 

According t o  t h e  invent ion,  t he  products s u i t e d  f o r  t he  construct ion o f  
a dosimeter cons i s t  of l i g h t  elements, namely, f irst  o f  a l l  semiconductors with 
a base o f  s u l f u r  o r  magnesium oxide, beryll ium (glucinium), aluminum, f o r  exam- 
p l e ,  secondly of c e r t a i n  organic  products belonging t o  the  family of lumines- 
cent substances ( f o r  example, naphthalene, anthracene) ,  and f i n a l l y  c e r t a i n  
l i q u i d s  whose r e s i s t a n c e  may vary appreciably with the  i n t e n s i t y  of X-radiation. 

These products,  a l l  subsequently grouped under t h e  general  name o f  semi- 
conductor e x i s t  i n  various forms such as l i q u i d s ,  powders, s o l i d  c r y s t a l l i n e  
lumps, c r y s t a l s ,  t h i n  layers  deposited by evaporation, sublimation o r  cata-  
phores i s ,  and it thus becomes necessary t o  s e l e c t  an appropriate  design of t he  
c e l l  for each form. Thus, t he  designs o f  Figures 1, 4 and 5 lend themselves 
t o  processes  where t h e  i n t e r n a l  conductor 1, f o r  example a metal wire ,  may be 
surrounded by a r e l a t i v e l y  t h i n  layer of semiconducting ma te r i a l ,  whether it i s  
deposi ted by evaporation, sublimation, or cataphoresis ,  o r  whether the  wire i s  

L 

b immersed i n  a so lu t ion  or melt of t h e  semiconducting mater ia l .  On the  o the r  
hand, t h e  designs of Figures 2 and 3 are advantageous i f  t he  semiconducting - /4  mater ia l  i s  i n  the  form o f  a powder o r  po lyc rys t a l s ,  whereas the  design of  
Figure 6 i s  reserved f o r  s o l i d  lumps, preferably s i n g l e  c r y s t a l s .  
c o n s t i t u t i n g  the  f i t t i n g s  of t h e  c e l l ,  such as the  i n t e r n a l  and ex te rna l  con- 
duc tors ,  should be ,  according t o  the  invention, of a reduced mean atomic weight, 
and i n  any case should no t  appreciably exceed t h a t  o f  the  l i v i n g  t i s s u e s ,  f o r  
t he  reasons ind ica ted  above. 

The mater ia l  

Because of t he  small s i z e  of  t h e  semiconducting materials, e spec ia l ly  i n  
t h e  form of  l aye r s ,  it i s  poss ib l e  t o  construct very small c e l l s ,  t h i s  being 
of t h e  g r e a t e s t  i n t e r e s t ,  p a r t i c u l a r l y  from a medical po in t  o f  view. According 
t o  t h e  invent ion ,  as ind ica t ed  i n  Figure 3 ,  t h e  ex te rna l  tube can be made i n  
the  form o f  a needle i n  order  t o  be able t o  introduce the  c e l l  i n t o  the  l i v ing  
t i s s u e  as an i n j e c t i o n .  The needle may be coated with a very t h i n  l aye r  of  a 
medically s u i t a b l e  metal ,  so  t h a t  t h i s  l aye r  does not a f f e c t  the  operat ion of  
t he  c e l l .  

16 

ohm/cm show va r i a t ions  i n  r e s i s t i v i t y  when acted' upon by inc ident  X-radiation, 
s o  t h a t  t h e  magnitude of  the  r e s i s t ance  o f  a c e l l  described above represents  a 
measure f o r  the  i n t e n s i t y  of t he  rad ia t ion  i n  quest ion a t  the  loca t ion  of t he  
c e l l .  

Semiconducting ma te r i a l s  whose r e s i s t i v i t y  may vary between l o 3  and 10 

. 
Although the  r a t i o  of t h e  rad ia t ion  i n t e n s i t y  t o  the  r e s i s t ance  i s  not  

always l i n e a r ,  one r e a d i l y  f inds  products whose c h a r a c t e r i s t i c  of the r e s i s t ance  
as a funct ion of t h e  r a d i a t i o n  in t ens i ty  i s  approximately l i n e a r ,  at  l e a s t  over 
a r e l a t i v e l y  broad range, preferab ly  f o r  a weak r ad ia t ion ,  t h i s  being f requent ly  
of t he  g r e a t e s t  i n t e r e s t .  
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To obta in  a s u i t a b l e  r e s i s t ance  , espec ia l ly  with semiconducting mater ia l s  
o f  very high r e s i s t i v i t y ,  i t  may be of i n t e r e s t ,  according t o  the  invent ion ,  to 
provide f o r  an adequate contact  over a la rge  sur face  o f  t h e  semiconductor by 
depos i t ing  on the  l a t t e r  a conducting layer  (10 i n  Figure 4 ) ,  f o r  example, made 
of a mater ia l  based on an aqueous co l lo ida l  so lu t ion  of graphi te  such as the  
one known by the  name of "aquadag" o r  made o f  a metal deposited by evaporation 
o r  ca taphores i s .  
t o  increase  the  surfaces  of t h e  cell e lectrodes as ind ica ted  i n  Figure 7 as a 

b I t  may a l s o  be advantageous, s t i l l  according t o  t h e  invent ion,  

I nonlimit ing example. 

In  order  t o  measure the  v a r i a t i o n  of  the c e l l  r e s i s t ance  under the  ac t ion  
of X-rays, the  c e l l  can i n  p r inc ip l e  be connected d i r e c t l y  t o  a common dosi-  
meter i n  p lace  of  an ion iza t ion  chamber. However, the  r e s i s t ance  of t he  c e l l  
being much lower than t h a t  of an ion iza t ion  chamber, t h e  input  c i r c u i t  o f  the  
disometer must be adapted t o  the  res i s tance  o f  the  c e l l ,  i n  p a r t i c u l a r ,  by 
connecting a capac i tor  30 i n  p a r a l l e l  with the  semiconducting c e l l ,  as ind ica t - '  

\ ed i n  Figure 8. 

In  t h e  s implest  case,  i n  order  t o  measure the  c e l l  r e s i s t ance ,  one can 
c use a c i r c u i t  whose diagram is  shown i n  Figure 9. A vo l tage ,  continuous o r  

a l t e r n a t i n g ,  i s  appl ied t o  the  cell  by placing i n  s e r i e s  a measuring instrument ,  
e i t h e r  a microammeter t o  make a d i r e c t  measurement of  t h e  cur ren t  passing 
through t h e  c e l l ,  and represent ing  a measure of  t he  i n t e n s i t y  o f  the  r ad ia t ion  
s t r i , k ing  the  c e l l ,  o r  an ampl i f ie r  followed by a measuring instrument.  The 
l a t t e r  case may impose i t s e l f  i f  the res i s tance  i n  the c e l l  is  s u f f i c i e n t l y  
high and i f  a t  the  same time i t  i s  necesary t o  apply a r e l a t i v e l y  low vol tage 
t o  the  c e l l ,  namely, a vol tage o f  t he  order  of  a few v o l t s  o r  even l e s s ,  i n  
order  t o  in su re  a l i n e a r  response of the cell .  I f  nece'ssary, one may use a 
nonl inear  ampl i f ie r  of  a c h a r a c t e r i s t i c ,  such t h a t  it automatical ly  s t r a i g h t e n s  
*- the response curve of the  cel l .  In  order  t o  permit an easy manipulation o f  
t h e  ce l l ,  t he  la t ter  w i l l  be a t tached  t o  a f l e x i b l e  cable ,  p referab ly  a coaxial 
one , whose leakage r e s i s t a n c e  should be,  appreciably h igher  than t h a t  o f  t he  
c e l l .  

Another method of measurement i s  indica ted  i n  Figure 10, where the  r e s i s -  
tance of the  c e l l  is  p a r t  of a measuring br idge .  The advantage o f  t h i s  c i r c u i t  
cons i s t s  i n  the  f a c t  t h a t  i n  order  t o  obtain a p rec i se  measurement o f  a given 
r a d i a t i o n ,  it i s  poss ib l e  t o  vary one of t h e  r e s i s t ances  33,  34 or 35 u n t i l  the  
measuring instrument 37 is  brought t o  zero. 
manner may be r ead i ly  s tandardized immediately t o  give the  r ad ia t ion  i n t e n s i -  
t i e s  rece ived  by t h e  cel l .  
t h e  ampl i f ie r  required f o r  a d i r e c t  measurement. 

The r e s i s t a n c e  va r i ed  i n  t h i s  

Thus one can avoid t h e  cont ro l  and adjustment of 

b 

The r e s i s t ance  of semiconducting layers  f requent ly  depends s u b s t a n t i a l l y  
on the  temperature.  
r a d i a t i o n ,  the  invent ion s t i p u l a t e s  the  connection of  another  c e l l ,  more o r  
l e s s  analogous t o  the  measuring c e l l  as such, i n  p lace  of one o f  r e s i s t ances  
33  o r  35 i n  Figure 10, as  shown i n  Figure 11. The compensating c e l l  41-42-43 
should be s u f f i c i e n t l y  pro tec ted  from any X-radiation by a cage 40, f o r  example, 
made of  l ead  and having a s u i t a b l e  thickness .  I t  i s  a l s o  poss ib l e ,  according 

To avoid an influence of t h i s  e f f e c t  on t h e  measurement of  
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t o  the  invent ion,  t o  use t h e  compensating c e l l  without sh i e ld ing ,  the  c e l l  
being at tached a t  t h e  end of a cable ,  as i s  the  measuring c e l l .  

By p lac ing  t h e  two c e l l s  i n  d i f f e ren t  loca t ions ,  one can measure the  
d i f f e rence  between the  inc ident  rad ia t ipns  a t  the  two chosen loca t ions .  . 

In  t h e  case where very p rec i se  measurements a r e  requi red ,  o r  when t h e  
response of the  c e l l  i s  not s u f f i c i e n t l y  l i n e a r ,  use may be made, according t o  

Compensating c e l l  41-42-43, 
s t i l l  enclosed i n  p ro tec t ive  cage 40, w i l l  be exposed t o  a source 44 (Figure 
12) emi t t ing  r ad ia t ion ,  preferab ly  X-or gamma rays .  A sc reen  45 of  ad jus tab le  
absorpt ion,  f o r  example a lead  d i s c  o f  a thickness  which is  va r i ab le  around i t s  
circumference o r  a wedge, makes it poss ib le  t o  ad jus t  t h i s  compensating rad ia-  
t i o n  s o  t h a t  t he  instrument of reading 37 o r  39 (see  Figure 10 and 11) i s  
brought t o  zero. 

terms o f  t h e  i n t e n s i t y  of r ad ia t ion  s t r i k i n g  measuring c e l l  21-22-23. 

I t he  invent ion,  of t he  assembly shown i n  Figure 1 2 .  

The pos i t i ons  o f  t he  screen can be  s tandardized d i r e c t l y  i n  

i. 
A v a r i a n t  of t h e  assembly i s  shown i n  Figure 13. Here, compensating c e l l  

46-47-48, cons t i t u t ed  by a t h i n  l a y e r  which w i l l  r ece ive  luminous r a d i a t i o n ,  i s  

descent f i lament  49, t he  l a t t e r  causing the  r e s i s t ance  of t h e  compensating c e l l  
t o  vary i n  a manner analogous t o  t h a t  of X rays .  
t h e  l i g h t  source 49 by means of r e s i s t ance  51, one can b r ing  t h e  measuring 
br idge  t o  zero. The i n t e n s i t y  of  t h e  heating cu r ren t ,  which i s  read o f f  with 
instrument 5 2 ,  represents  a measurement f o r  the  X-radiation received by measur- 
i ng  c e l l  46-47-48, and instrument 52 can b e  s tandardized d i r e c t l y  i n  terms of 
X-radiation i n t e n s i t y .  
po in t  of  t he  l i n e a r  response of the  set ,  t o  measure t h e  luminous r a d i a t i o n ,  
s t i l l  according t o  the  invent ion,  with an ordinary pho toe lec t r i c  c e l l  53 whose 
response i s  s t r i c t l y  l i n e a r .  The reading i s  then taken with instrument 55 i n  
t he  c i r c u i t  of the  pho toe lec t r i c  c e l l .  

L subjec ted  t o  any luminous r ad ia t ion  5 6  or ig ina t ing  f o r  example from an incan- 

By varying the  br ightness  of 

I t  may be advantageous, p a r t i c u l a r l y  from the  stand- 

According t o  t h e  invent ion,  it may b e  advantageous , p a r t i c u l a r l y  from 
t h e  s tandpoin t  of t h e  s e n s i t i v i t y  of measurement, t o  have two measuring cells 
placed a t  two opposi te  branches of t h e  measuring br idge .  The two c e l l s  should 
then be combinad so  t h a t  they a r e  e s sen t i a l ly  a t  t h e  same loca t ion  where t h e  
r a d i a t i o n  i s  tc,'be measured. As an example, Figure 14 shows a double c e l l  
according t o  the  invent ion.  In Figure 14 ,  s t a r t i n g  from conductor 1 i n s i d e ,  
one success ive ly  f inds  semiconducting, conducting and i n s u l a t i n g  layers  as 
descr ibed above, so t h a t  t h e  two c e l l s ,  one surrounded by the o the r ,  can b e  
connected t o  t h e  fou r  terminals of t h e  measuring br idge.  I t  i s  obviously 
poss ib l e  t o  combine one double c e l l  w i t h  one o f  t h e  compensating c e l l s  of 
Figures 11, 1 2  and 13 o r  with a double compensating c e l l .  I n  these  cases ,  
add i t iona l  r e s i s t ances  should be connected t o  the  br idge ,  p referab ly  i n  
s e r i e s  with c e l l s ,  as ind ica ted  by 63 and 64 i n  Figure 14. 
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